Abstract. Sixteen cases of primary neoplasms of the'nasal cavity, paranasal sinuses and nasopharynx in the dog were reviewed from the files of the Armed Forces Institute o f Pathology (AFIP). The mean age o f affected dogs was 9.5 years. The presenting clinical signs were epistaxis, nasal discharge o r facial swelling. Eleven of the affected dogs were purebred. Three of these were Collies and two German Shepherds. The nasal cavity was involved most often. All neoplasms were malignant ( 1 1 carcinomas and five sarcomas). and there was invasion of the adjacent bony structures in most dogs. Tumors were classified according to prominent cell type and degree of differentiation into respiratory epithelial carcinoma (four), adcnocarcinoma (one), squamous cell carcinoma (one), mucocpidermoid carcinoma (two). undifferentiated carcinoma (three). chondrosarcoma (thrce) and undifferentiated sarcoma (two).
Primary neoplasms of the nasal cavity, paranasal sinuses and nasopharynx are rare in the dog. The literature contains both case reports and review articles documenting the incidence, clinical signs, biologic behavior and methods of therapy (2-7, 13, 19, 20, 22, 241 . Morphologic descriptions of these neoplasms are superficial [15, 19, 21, 25, 261.
In an early study [6] , 2 629 neoplasms (including 31 neoplasms of the nasal passages) of the dog and cat were reviewed. Subsequent reports [2, 3, 5, 7, 19, 201 indicate that these neoplasms make up about 1 .O% of all canine tumors and are more prevalent in older, long-nosed, large-breed dogs. Pathologic data from these reports suggest that carcinoma, particularly adenocarcinoma, occurs more frequently than sarcoma. Benign neoplasms have been reported [ 5 , 7, 13, 19, 201 . The nasal cavity seems to be involved most frequently. Invasion o f surrounding structures and extension into the paranasal sinuses is characteristic [3] . Metastasis is infrequent.
We report 16 new cases and describe the histologic appearance of neoplasms of 18 the nasal cavity, paranasal sinuses and nasopharynx o f the dog on file in the Registry o f Veterinary Pathology, Armed Forces Institute o f Pathology (AFIP).
Materials and Methods
Two thousand. four hundred and ninety-eight eases of primary neoplasms in the dog were found in the 1966-I075 files of the registry of the AFIP. Based on clinical histories, nccropsy data and microscopic appearance. 16 cases (0.6%) were determined to be primary in the nasal cavity. paranasal sinuses and nasopharynx. In 12 cases there were surgical specimens and in four the specimens were obtained at nccropsy. N 
Results
The available clinical information for the 16 cases is summarized in table I. The presenting clinical signs were given in seven cases. Signs were epistaxis, nasal discharge or facial swelling. The breed of dog was specified for 13 dogs, 1 1 of which were purebred. Three neoplasms occurred in Collies and two in German Shepherds. Ages were from 4 to 14 years, with a mean of 9.5 years. The sex was given for 10 dogs; four were males and six females. The sites involved were nasal cavity (10 dogs). paranasal sinuses (three dogs), nasopharynx (two dogs) and nasal cavities and paranasal sinuses (one dog). Information on regional bone involvement was available in 10 cases; invasion occurred in nine. Metastasis was not seen in necropsicd cases. Gross descriptions of thc lesions other than location were not available.
Microscopy showed that all 16 neoplasms were malignant. Eleven were carcinomas and five sarcomas. The carcinomas were classified o n the basis of the predominant cell type and the degree of differentiation, into respiratory epithelial carcinoma, adenocarcinoma, squamous cell carcinoma, mucoepidermoid carcinoma or undifferentiated carcinoma. Sarcomas were of two types, chondrosarcoma and undifferentiated sarcoma.
Four of the 16 neoplasms were respiratory epithelial carcinomas (neoplasms 1-4). The predominant cell type in these lesions was a well differentiated columnar epithelium that resembled and seemed to arise from the normal respiratory epithelium. Neoplasms 1 , 2 and 3 were histologically similar. These tumors were papilliferous to polypoid multilobulated growths incompletely covered by well differentiated pseudostratified ciliated columnar epithelium with a distinct basement membrane. This membrane was focally interrupted, and the well differentiated surface epithelium at these loci was replaced by randomly arranged neoplastic cells that invaded the submucosa and formed solid trabeculae and nests ( fig. 1) . The neoplastic cells in trabeculae were columnar and were parallel to one another and perpendicular t o the surrounding fine fibrovascular stroma. The nuclei were occasionally basal, but usually were arranged randomly. Coalescence of nests and trabeculae of neoplastic cclls resulted in the formation o f broad sheets in which thc neoplastic cclls had a more polyhedral t o cuboidal shape. Tubular structures were formed infrequently within thcsc sheets of cclls. In neoplasm 1 , several arcas of neoplastic cells looked spindle shaped and formed interlacing or strcaming patterns like thosc o f a sarcoma.
Neoplastic cells had discrete boundaries surrounding a lacy to vacuolated faintly eosinophilic cytoplasm ( fig. 2 ). Coalescence of vacuoles often resulted in a clear cytoplasm with fine PAS-positive granules determined to be glycogen by their sensitivity to diastase digestion ( fig. 3 ). Nuclei were medium sized, round to oval and had a stippled chromatin pattern and one or two nucleoli. Mitotic figures were rare. Neoplasm 4 subgrossly looked like an inverted papilloma with fronds lined by multiple layers of cuboidal to columnar epithelium that resembled the neoplastic cells described in neoplasms 1-3 ( fig. 4) . These epithelial layers were bounded by a regularly arranged basal cell layer with a distinct basement membrane overlying a highly cellular fibrous connective tissue stroma. Focally, the basement membrane was disrupted by deep invaginations of neoplastic cells that formed solid nests or tubular structures that communicated with the surface of the neoplasm ( fig. 5, 6 ). Individual neoplastic cells, small clusters of three to four cells, multinucleated giant cells and trabeculae of lamellar bone were intermingled with plump fibroblasts in the underlying stroma. Neoplastic cells within the underlying stroma seemed larger, more pleomorphic and paler, with greater nuclear vesiculation than the neoplastic surface epithelium. Vacuolation of cytoplasm was not a prominent feature of the lesion; mitotic figures were frequent. Although multinucleated giant cells were often closely associated with and resembled the neoplastic cells, they could not be differentiated from the osteoclasts adjacent to the bony trabeculae.
Neoplasm 5 was diagnosed as adenocarcinoma on the basis of the extensive acinar differentiation. The subgross appearance and cell morphology of this lesion was similar to that of a respiratory epithelial carcinoma. The uniform parallel arrangement of cells in the respiratory carcinoma, however, was lacking and numerous acini, with or without lumina, were seen within epithelial aggregates ( fig. 7 ). These acini were lined by cuboidal to columnar epithelium that blended subtly with the surrounding pleomorphic cells ( fig. 8 ). Nuclei of acinar cells were basal, and the acinar lumina contained an amphophilic to faintly eosinophilic granular to lacy material compatible with mucus as determined by positive staining with alcian blue and mucicarmine and a positive PAS reaction after digestion with diastase.
Neoplasm 6 was a squamous cell carcinoma. There were two morphologically distinct lesions. Within the nasal cavity the lesion looked like an inverted squamous papilloma with fronds and cysts lined by multiple layers of pleomorphic squamous cells that had undergone parakeratotic changes ( fig. 9) . A continuous basal cell layer and basement membrane sharply demarcated the epithelium from the underlying highly cellular connective tissue stroma. Individual cells were irregularly polyhedral of various sizes, and had well delineated cell margins and numerous intercellular bridges. The cytoplasm was pale and slightly granular. Occasionally the cytoplasm was clear and contained numerous glycogen granules, particularly in cells near the parakeratotic layers. A moderate-sized oval nucleus with a single nucleolus was characteristic, but cells with many nuclei occasionally were seen. Mitotic figures were confined to the more basal cells.
In contrast to this an invasive squamous cell carcinoma had infiltrated and destroyed the bony structures o f the ethmoturbinate and frontal sinus regions. This tumor was characterized by fingerlike projections of pleomorphic neoplastic squamous cells separated by loose fibrous connective tissue and spicules of normal and degencrating lamellar bonc. Focal keratinization was in the form of keratin pearls. Both a basal cell layer and basement membrane were lacking. Mitotic figures were abundant.
Neoplasms 7 and 8 were mucoepidermoid carcinomas. Neoplastic squamous (epidermoid) cells and mucus were characteristic of both. These tumors were polypoid and were composed of nests, trabeculae, o r sheets of neoplastic cells surrounded by bands of fibrous connective tissue.
In neoplasm 7 these nests and trabeculae consisted of squamous cells, and there were prominent intcrcellular bridges and numcrous various sized mucus-filled cysts lined by flat neoplastic cells ( fig. 1 0 ) . Mitotic figures were rare and keratinization was not noted. Production of mucus was evident in numerous cells as a single vacuole o r several small cytoplasmic ones containing an amphophilic to faintly basophilic material with the staining characteristics of mucus. Degeneration and necrosis of individual mucus-producing cells caused microcysts of mucus ( fig.  11 ). Larger mucus-filled cysts probably were formed by coalescence of several microcysts.
Neoplasm 8 differed from neoplasm 7 by thc lack of cysts, the scarcity of intercellular bridges, the high mitotic rate and cytoplasmic mucus in cells that in HE sections had granular rather than vacuolated cytoplasm. Cclls with vacuolated cytoplasm, in contrast, contained glycogen similar to that in respiratory epithelial carcinomas.
Three carcinomas (9, 10 and 1 I ) were undifferentiated. The superficial epithelium was replaced focally by neoplastic cells that often formed papillary projections ( fig. 12 ). Characteristic of these tumors was deep invasion of the submucosa by irregularly shaped solid nests and trabeculae of neoplastic cells, and intense fibroplasia ( fig. 13) . Smaller aggregates and individual cells invaded the stroma and lymphatics. One tumor had a few incompletely formed acini.
Neoplastic cells were more pleomorphic than those in the respiratory epithelial Carcinomas; they were round, polyhedral, o r spindle shaped with lacy to vacuolated cytoplasm ( fig. 14) . Nuclei varied from large and vesicular with a prominent nucleolus t o small with a dense chromatin pattern. In vacuolated cells in neoplasm 10, the vacuole frequently pushed the nucleus against the cell membrane. This was in contrast to vacuolated cells in the respiratory epithelial Carcinomas, in which the nucleus remained more central. Stains for mucus were negative in all rases whilst small clusters of squamoid cells without intercellular bridges were noted occasionally. Mitotic figures were common only in one neoplasm.
Neoplasms 12, 13 and 14 were chondrosarcomas. These were multilobulated and composed of pale hypocellular foci surrounded by compact interlacing bundles of homogeneous spindle-shaped cells (fig. 15 ). The foci of hypocellularity often were composed of loosely arranged pleomorphic stromal cells within a myxomatous matrix. These stromal cells were irregular in shape (round, teardrop, o r fusiform) and had round or oval vesicular nuclei and a single nucleolus. Mitotic figures were infrequent. There was differentiation of stromal cells into nests of hyaline cartilage in these areas of hypocellularity ( fig. 16) . A few foci of mature hyaline cartilage had undergone degeneration and fibrosis.
Neoplasms 15 and 16 were undifferentiated sarcomas. Both were hemorrhagic, incompletely covered by respiratory epithelium, and contained large necrotic foci. The neoplastic cells were spindle shaped and formed compact broad sheets and, occasionally, interlacing bundles ( fig. I 7) . These neoplastic cells contained a moderate amount of pale, finely granular eosinophilic cytoplasm and indistinct cell boundaries. The nuclei were oval and had a stippled t o dense chromatin pattern. Mitotic figures were seen frequently. Collagen fibers were not demonstrated histochemically.
In neoplasm 16 the neoplastic cells in one area immediately beneath the surface epithelium were more loosely arranged, polyhedral or round, and looked like those of a poorly differentiated lymphoreticular tumor. 
Discussion
The clinical data presented in the histories with thcse ncoplasms agrec with those previously reported. There were signs o f nasal discharge, epistaxis and facial swelling in the older dogs (mean age 9.5 years) (2, 3, 5 , 7, 19, 201. In our study five o f the 16 dogs (three Collies and t w o German Shepherds) were from breeds reported to have a statistically significant increased risk for development of nasal neoplasm [ 19, 221. Neither German Shepherd was a military working dog. This was unusual because 2 927 (94%) of the 3 I13 German Shepherd histories recorded during this I O-year period were military working dogs. Most military working dogs on file had died or were killed between the ages of 7 and 10 years, well within the age range for nasal neoplasms. Unfortunately, the nose is not routinely examined histologically; small tumors could have been missed. Considering the apparent predisposition o f the German Shepherd for nasal neoplasms, we cannot explain the lack of them in this large group of dogs.
In general, our neoplasms were histologically similar to those reported in man ( I , [8] [9] [10] [11] [12] 231 . In our series, carcinomas arising from respiratory epithelium comprised the largest number of neoplasms. The literature on tumors in man lacks unanimity on the terminology of nasal carcinomas. Neoplasms of columnar epithelium in man have been referred to as respiratory epithelial, Schneiderian, transitional cell and cylindric cell carcinomas 11, 8, 12, 231. In the veterinary literature, similar canine neoplasms have been described as nasal epithelium carcinoma [2O], solid o r medullary carcinoma [ 191 and transitional cell carcinoma (261. In our four neoplasms there were areas similar to the spindle cell carcinoma [26] . We felt that the predominantly cuboidal to columnar epithelium in parallel arrangements resembled the superficial respiratory epithelium. The occasional Adenocarcinomas that may arise from both the superficial respiratory epithelium and the submucosal glands [19, 21, 231 have been described frequently in the nasal cavity in dogs (2-5, 7, 19-21] . Mucoepidermoid carcinomas that may be a variation of adenocarcinorna have been described primarily in the salivary glands of man and animals [16, 271. Primary nasal mucoepidermoid carcinomas or adenocarcinoma of mucoepidermoid type have been described in man [ I ] and in dogs [ 17, 191 . The cell o f origin for the nasal mucoepidermoid carcinoma is not known. but one probable site is the submucosal gland. We found mucicarmine the best stain for demonstrating mucus but alcian blue stain and the PAS were satisfactory. The PAS reaction was done with diastase digestion to differentiate mucus from cytoplasmic glycogen in the vacuolated neoplastic epithelial cells.
The only squamous cell carcinoma in our series was biphasic. It could not be determined from the available material whether the invasive squamous cell carcinomas in the ethmoturbinate and frontal sinus regions arose from the inverted papilloma in the nasal cavity or whether they developed separately. In man, invasive squarnous cell carcinomas have been associated with 13% of the inverted nasal papillomas and are believed to originate in the same anatomic areas even though transition from benign to malignant may not be demonstrated in all cases Undifferentiated carcinomas occasionally had foci of squamous cell differentiation or incomplete acinar formation, but differentiation toward columnar or ~4 1 . secretory cells was not evident. The replacement of the superficial epithelium with neoplastic cells and subsequent invasion of the submucosa suggest that these neoplasms may have originated from the respiratory epithelium. The diverse morphologic patterns o f nasal carcinomas arising from the superficial respiratory epithelium suggests that these neoplasms may originate from a common basal pleuripotential cell.
Nonepithelial neoplasms of the nasal cavity, paranasal sinuses and nasopharynx in man recently have been reviewed 19-1 I]. Malignant lymphoma, fibrosarcoma and rhabdomyosarcoma were the most common malignant neoplasms. In dogs, fibrosarcoma, chondrosarcoma and osteosarcoma seem to be most common 13, 15, 19, 20, 25] , but it has been suggested that chondrosarcomas and osteosarcomas should be considered neoplasms of the facial bones and not primary nasal tumors [ 31. Three of our five sarcomas were chondrosarcomas. Neoplasms 15 and 16 had areas similar to a fibrosarcoma but failure to demonstrate collagen fibers histochemically forced us to classify these lesions as undifferentiated sarcomas.
Neoplasms of the nasal cavity, paranasal sinuses and nasopharynx are rare in dogs. These neoplasms can be classified as epithelial o r mesenchymal. Because most of the epithelial neoplasms invaded adjoining bony structures, classification may be somewhat arbitrary from a prognostic point of view. Careful classification, however, coupled with adequate survival data, may show prognostic differences among these nasal neoplasms.
